Wildlife has a considerable and highly varied impact on the environment. Furthermore, in transforming the environment, man has indirectly altered some of the many links which associate animals with the environment.
This article describes certain aspects of the environmental impact of wildlife, in order to demonstrate the wide variety of problems raised by this broad question, some of which have yet to be studied by biologists.
THE FUNCTIONING OF ECOSYSTEMS
The biological systems known as ecosystems are always composed of a great number of "partners" (10, 26, 27) . Solar energy, which is the origin of life, is captured by plants possessing chlorophyll (the green plants) which grow on land and in the sea. All species of vegetarian animals, from minuscule crustaceans to elephants, feed on these plants. Such animals may be devoured by carnivores, which may in turn become victims of other predators. This pyramid forms a network of food chains, where the eater becomes the eaten, before reaching the stage of superpredators. Although the latter have little to fear from other animals, at death their bodies become the prey of organisms which are responsible for decomposition and elimination of wastes from the entire food chain. These organisms simplify organic compounds and transform them into mineral matter or into very simple compounds, which may be taken up by other organisms and thus recycled. In the words of a poet, "Tout va sous terre et rentre dans le jeu" (everything returns to the earth to be naturally recycled and reused).
Within various ecosystems, distributed throughout the globe according to climatic conditions and the nature of soils, each species has a part to play. Of course, there can be substitution, and in most cases matter and energy can follow multiple pathways. Nevertheless, each species which still exists in our biosphere -that thin envelope of living matter which surrounds the mineral world, the lithosphere -is a partner in life's adventure, which commenced some three and a half billion years ago.
Each species therefore has an impact on the system as a whole, either as a depredator or a predator, some having a greater influence than others. A major factor to take into account is the way in which man has disrupted the environment, often to his advantage. Without fields, pastures and forest plantations, human populations would not only cease to develop; they would also have been unable to subsist. There have also been some failures, the present and future consequences of which cannot be evaluated with precision. This fact should be taken into account in estimating the impact of wildlife on the environment. It is impossible to dissociate man from such a vast assemblage.
In the pages which follow, certain aspects of the relationships between animals and their natural or transformed environment have been selected for discussion. These will afford only a temporary view of the situation, for the relationships between animals and their environment are extensive and constantly changing.
HERBIVOROUS ANIMALS AND ECOSYSTEMS
Herbivores are, of course, the primary consumers of the animate world, obtaining nourishment from vegetation, which implies the production of living matter through the capture of solar energy. The innumerable herbivores belong to very diverse classes of animals.
Herbivorous mammals are the most significant. They graze the savannahs of tropical countries: antelopes, buffaloes and gazelles feed on the grassy plains of Africa, in particular, but also of Asia and the Americas. Their impact, is considerable, and it remains beneficial so long as their populations do not exceed the carrying capacity of their environment. They maintain the practicability of areas which would otherwise become invaded by weeds, and in particular, shrubs. Without them the East African plains would be covered with vegetation greatly different from a state of climax (a rather vague term, often poorly defined by ecologists, but which corresponds to the vocation of grassy plains, open to appropriate animals which keep these areas in good condition).
It is noteworthy that, in many African countries, replacement of wild herbivores by domestic livestock has often had catastrophic effects. In fact, each wild species selects its own range of plants, so that all can live within the same area, and each has become specialised in certain types of vegetation. By contrast, domestic livestock feed on certain plants and exclude others, creating a severe imbalance in the composition of the vegetation. This must be taken into account in all development programmes.
There are similar problems within national parks and game reserves. One such problem concerns elephants, among the most threatened mammals in Africa (32) . The value placed on the ivory of elephant tusks has led to the depletion of herds by hunting and particularly by poaching across the continent. Fully justified attempts to protect the elephant have been made recently with success. During the past decades, elephants have thus become confined to small reserves, particularly in Kenya, Tanzania and eastern Zaire, where they have found refuge. They have altered the botanical composition of some of these national parks, transforming wooded savannah into grassy steppe, because of their tendency to destroy trees by removing branches and bark. The case of the Virungas National Park in Zaire where, in the absence of human influence, the elephant populations have become too numerous, provides ample evidence that this animal is capable of transforming the vegetation of vast regions.
The same applies to deer in France. For a long time hunters have been at loggerheads with foresters. The former wish to keep up the numbers of red deer and roe deer and their objective, depending on authorised hunting programmes, is the killing of a certain proportion of the deer population. Deer populations have grown steadily in recent decades due to the efforts of hunters and conservationists, but they have become too numerous for foresters, because they devastate forests (and this has occurred particularly in eastern France) by eating young shoots. A balance must be sought for these forests, which are in an especially fragile state as they undergo regeneration. This problem arises above all in temperate zones, such as those of the European Community. After some hesitation, Germany seems to have reached a solution through appropriate legislation. It appears that the German and British legislation is better adapted in this respect than French laws.
Mention should also be made of rodents, which have been studied extensively by the Office for Scientific and Technical Research in Overseas Territories (ORSTOM) and certain other organisations in France and elsewhere (15) . Rodents are mostly graineating and they devour a large part of the crop production in tropical countries. With access to vast food reserves as a result of agricultural development, their populations have proliferated. The amounts of food devoured are enormous but man is powerless to prevent this phenomenon and must make constant efforts to control these avid depredators.
In this context it is worth noting the special case of the manatees of tropical America. These mammals of the order Sirenia live in rivers and lakes, where they feed exclusively on aquatic plants, which they crop at leisure. They preserve an equilibrium between the growth of aquatic vegetation and the maintenance of open channels of rivers and canals. They have been exterminated from a large part of their habitat, and their existence is endangered over a large part of their range. In Brazil they are now being encouraged around hydro-electric installations, because they are capable of clearing much of the vegetation which would otherwise clog the turbines. They have thus become of use to man within a tropical aquatic ecosystem.
INSECTS AND ECOSYSTEMS
After earthworms, insects constitute the most formidable biomass of all groups of animals and they are of exceptional diversity. They occupy all available ecological niches, and are present at all levels of food chains. Many of them are primary consumers, feeding on foliage for at least part of their life. This applies to butterflies, which feed very little, if at all, on nectar in the adult state, while their caterpillars devour the leaves and stems of certain species. All other vegetal resources are also exploited. Insects also include predators, and even superpredators, such as some Hymenoptera, which lay their eggs in the bodies of other insects. They do not kill the host, but eat it slowly. Such insects can provide a means of limiting the populations of the parasitised species.
To return to vegetarian species, it is notable that many insects are depredators of crops. The methods adopted to control them consist of altering agricultural practice or (often with less satisfactory and controversial results) resorting to insecticides, the oldest and best known of which is dichloro-diphenyl-trichloroethane (DDT). The impact of pesticides on the environment is now recognised, together with their adverse effects on other species sharing the same environment, including mammals and birds. This is the price to be paid for agriculture, particularly monoculture. It is inevitable that the availability of practically unlimited food resources will attract depredators, following a law of ecology to which there are no exceptions.
Wild plants are not protected from such depredators. An example is the harvester ant of tropical South America, which cuts into small pieces the leaves of trees and transports them in long lines towards the nest. Moulds then grow on the leaves, and the ants feed on the moulds. Their industrious activity can defoliate an entire tree within a day.
Mention may also be made of the role of biting insects in the transmission of certain diseases of animals and man. Biting insects, including mosquitoes, tsetse flies and their distant relatives the ticks, can carry a number of pathogens which may affect domestic animals, wild animals and man. The best known pathogens are plasmodia and trypanosomes, and also viruses responsible for yellow fever, African horse sickness, African swine fever and various others which can infect animals and man. Their presence is one of the sadly effective factors which limit the area of distribution of many animals, and their population size.
On the subject of disease transmission, mention should be made of the role of the small vampire bat of tropical America, in transmitting rabies. These blood-lapping bats have teeth which enable them to pierce the skin of wild and domestic mammals and ingest blood without causing any pain. The animal attacked may develop anaemia as a result. Some of these bats carry rabies virus and thus spread the disease among their victims.
Finally, it has been suggested that the vervet monkeys (Cercopithecus aethiops) of eastern tropical Africa can carry the virus of the acquired immunodeficiency syndrome (AIDS). Without entering into this highly controversial topic, it would seem impossible to affirm their role as a reservoir of this world-wide epidemic.
BIRDS AND THE ENVIRONMENT
Birds have very diverse relationships with the plant and animal environments. The role of birds as predators will be discussed later in the section entitled "Prey and predators".
Other birds are granivorous or frugivorous, feeding on seeds or fruits. This enables them to survive adverse seasons in cold or temperate regions without migrating, in contrast to insectivorous species which are deprived of food in winter. Seeds are abundant throughout the world and vary considerably in their size and the thickness of their rind. Certain adult birds feed exclusively upon seeds (while feeding insects to their young in order to provide the protein necessary for growth).
The size of populations of certain granivorous birds can be astounding, particularly those species which become gregarious at certain times of the year and even during the mating season. This natural phenomenon has been enhanced considerably by man. For example, the maize crop of southwestern France each year attracts flocks of bramblings (Fringilla montifringilla) comprising millions of birds. In tropical Africa, particularly in Senegal and Mali, expansion of rice growing has led to the incredible multiplication of red-tailed queleas (Quelea quelea), small passerine birds of the family Ploceidae, close to European finches. Colonies of thousands of these birds build nests which hang from branches, where they rear considerable numbers of young during the laying season. Of course the quelea has always existed in these environments, but rice growing has made available enormous amounts of food, which has encouraged their multiplication. The damage inflicted on rice crops is considerable and may reach 30% of the yield, taking into account spoilage at the time of harvesting.
Various efforts have been made to counter this scourge of Africa, which has been aggravated by other birds and rodents. Attempts have been made to disperse the birds by using explosives and to treat their colonies with toxic substances (such as parathion). Such measures have limited the crop losses, at least locally, while leaving the basic problem unresolved. For an incontrovertible law of ecology holds that a massive increase in consumable biomass is followed by a massive increase in those species which consume it.
Many granivorous birds eat the seeds of a variety of plant species, provided that they can open them. Few have a diet as exclusive as the nutcracker (Nucifraga caryocatactes) of the Alps, which eats only the seeds of arolla pine and also stores them for the winter. Some of these stores are forgotten, and the seeds germinate, so that the plant is dispersed in the environment. This is an example of the role of seed-eating and fruit-eating birds in propagating plants (8) . Seeds and fruits can be transported by various means. Wind is responsible for dispersing the seeds of many plants, but animals also play an important role, and plants which are spread by this means are called zoochoric.
All animals play a part in spreading zoochoric plants. Although birds seem particularly suited to this role, given the ease and range of their movement, mammals and insects also have an active role to play (for example, ants transport seeds for food and disperse some of them on the way).
There are many modes of seed transport, the simplest being mechanical carriage. Birds may be passive carriers, with the seeds adhering to their plumage for varying lengths of time. Many seeds bear special devices which hook onto feathers.
However, plumage is often too smooth for good adhesion, and the hair of mammals is more suitable because of its matting. A well-known example is that of sheep which transport the seeds of pasture plants: in southern France, this has resulted in the occurrence of a special flora along the transhumance routes used by sheep. Even after the death of the animal, seeds can still be carried in the fleece, giving rise to what is known as "the flora of wool pastures". These were places where fleeces imported from Egypt, South America or Australia were dried and bleached. Fleeces harbour numerous seeds, and these can give rise to an adventitious flora of many hundreds of species, some of which become established.
Birds offer other ways of transporting seeds besides in their plumage. Mud on the feet of birds can contain unsuspected numbers of seeds. Darwin found the seeds of 82 plants on the feet of a partridge. Aquatic birds can also carry the eggs and larvae of aquatic invertebrates in this way, which partly explains the vast distribution of many species.
A second type of carriage is more elaborate. Birds seek out certain fruits for their food, and while they are eating, some of the fruits fall to the ground and give rise to new plants. There is an unusual and interesting association between certain African birds, particularly the grey parrot of Gabon (Psittacus erithacus) and the oil palm (Elais spp.), which may be present in tropical forests. The parrot carries off the fruits of the oil palm to shell them elsewhere, and it drops some of them; as a result, the parrot and the palm often have the same distribution. Hornbills share this mode of life in varying degrees.
As with birds, Old World and New World monkeys are very fond of fruits, some of which are dropped, contributing to the dispersal of tree seeds. Certain other mammals which live in trees, such as squirrels, can play a similar role in dispersing fruits and seeds. Such fruits, as well as those which fall from trees naturally, provide food for many terrestrial mammals incapable of climbing trees.
A third, even more complex way of disseminating seeds is illustrated by some frugivorous birds. Seeds are ingested with the fruit, and pass through the digestive tract of the bird. The pulp and nutritive substances are assimilated while the seeds are excreted with the faeces. One might suppose that passage through the digestive tract hampers germination, but on the contrary it seems to favour germination by breaking down the hard outer coverings of the seeds. Moreover, plants which require nitrate find the right environment in bird droppings, which are rich in nutrients. The best example is the relationship between mistletoe and various birds, the species of which vary from region to region throughout the world, depending on the fauna available. In western Europe the aptly named mistle thrush (Turdus viscivorus) is involved. In other parts of the world, the species of mistletoe changes with the birds which feed on it, but the same association exists (29) . The seeds must obviously fall in a suitable place, but the chance of this occurring is great in the case of birds which live in trees. Certain birds actually "sow" the seeds by taking the fruit off to a branch where they may tear it apart at their leisure and remove the inedible matter. This happens in Europe with blackcaps (Sylvia atricapilla), which take a berry and carry it away for eating.
Birds therefore play an important role in disseminating many species of plants, and particularly in repopulating and regenerating tropical forests. This has been proved by French teams working in Guyana (2) . Repopulation of bare areas by vegetation is a complex process, with birds and certain mammals playing an important part in the growth of herbaceous plants and trees. This is also demonstrated by the historical example of the eruption of Krakatoa volcano (Indonesia) in 1883. Naturalists visiting the island three years after the eruption found that some of the vegetation which had become re-established could only have been carried by birds. This is a particularly striking example of one relationship between birds and plants.
There is another type of association between birds (and certain mammals) and plants, involving pollination (7). It is well known that birds of various groups feed on flowers for their nectar or for insects concealed within the flower. They come into contact with the pollen-bearing stamens and are capable of transporting pollen to another flower, thereby acting as a fertilising agent.
Birds of many species are attracted to nectar, which they ingest in various ways. The humming-birds of America, the sun-birds or sugar-birds of the Old World, and the honey-eaters of Indo-Australia are able to suck nectar through a tongue which forms a kind of tube. Most humming-birds have a long, bifid tongue which curls at the edges to form a double tube. Small parrots (lorikeets) of the family Trichoglossidae of Indo-Australia owe their name to the short, penicillate and not very protractile tongue, ending in horny projections, with which they lick nectar.
The beak is only sometimes involved in the transport of pollen, while the plumage of the head and the front of the body can carry quantities of pollen which the bird transports from flower to flower.
In certain cases a flower cannot form fruits without birds, for example, Indian mistletoes (Loranthus spp.) (29) . Their flowers are enclosed, with the petals fusing to form an elongated tube containing the pistil and stamens. The sugar-bird grasps the extremity of the ripe bud in its beak in order to open it and extract the nectar. The pressure causes the flower to "explode", projecting the pistil and stamens, which come into contact with the head feathers of the bird. The bird transports them to another flower, which is thereby fertilised. In experiments conducted in India, flowers underwent degeneration without fructification when they were covered with transparent gauze to prevent access by birds. Similar observations were made in South Africa on species related to Loranthus, also pollinated by sugar-birds.
In other cases birds assist the fructification of plants, but are not indispensable. Small parrots of the family Trichoglossidae and eucalyptus trees provide an example. Eucalyptus flowers are cup-shaped with a large crown of stamens surrounding a central stigma. The nectar released attracts lorikeets, but they are not essential for fertilisation of the flowers. Nevertheless, the size of the lorikeet population and their predilection for eucalyptus make them special pollinators.
The same can apply to humming-birds and their relationship to plants of tropical America. Much has been written about how the shape of certain flowers matches that of the beak of a particular species of humming-bird. However, it is not the beak which is introduced into the flower but the tongue, which is protractile and very mobile. Ornithophilia among plants is never absolute and often it exists merely in legends, although the role of birds should not be disregarded.
The role of small mammals can be likened to that of birds, for some small mammals ingest nectar (rodents, insectivores, small primates). Frugivorous and nectivorous bats are important, for these nocturnal mammals feed mostly on flowers which open only at night.
Cases of ornithophilia in vertebrates, however interesting, are of secondary importance in comparison with the role played by insects. Insects are the most active pollinators. Wind can also disperse pollen and depose it on the pistils of flowers, thereby ensuring fertilisation.
BIRDS AND THE DISSEMINATION OF PATHOGENS
It is scarcely necessary to be reminded that mammals, particularly small rodents, can act as reservoirs or vectors of pathogens. An example is offered by plague, which has been studied in Iran by teams from the Pasteur Institutes of Teheran and Paris and the Paris Museum of Natural History. The disease has been responsible for the death of populations of entire villages in certain regions of Iran during severe winters. Research has shown that two species of jirds (Meriones), rodents related to the gerbil and present in arid and desert zones of the Old World, can play very different roles in spreading this disease. These two sympatric species are difficult to differentiate: one lives in the open and can transmit plague only with difficulty, while the other lives in the vicinity of houses and can easily transmit the disease to man.
Other examples include the role of rats in transmitting cholera, and of large African mammals in transmitting rinderpest, African horse sickness and African swine fever. Various mammals, such as South American opossums, can act as reservoirs of certain human diseases, including leishmaniosis.
Because of their ease of movement, birds play a notable role in the spread of various viruses, and much attention has been paid to this subject by virologists and ornithologists in recent years (12, 18, 19) .
There are many pathways for transmission, on account of the wide range of reservoirs and vectors, which depend on environmental factors and the place of the host within an ecosystem.
In the case of viruses, many conditions must be fulfilled before transmission can take place. The virus must be able to survive for a long time outside epidemic periods, with the host serving as reservoir. The host must be capable of permitting multiplication of the virus, without many individuals falling ill, for a sufficient period. Finally the host has to excrete the virus into the environment, where it can reach other hosts.
Birds satisfy all these conditions. They fly rapidly over large distances, particularly species which migrate from one continent to another. During their migration or wintering, the birds keep together in large flocks, which facilitates transmission from one individual to another. Finally, some of them (ducks, small waders or sandpipers) live in an aquatic medium favourable to pathogen transmission.
Birds are thus privileged hosts for the transmission and spread of viruses pathogenic for man and animals.
There are two ways in which viruses can be transported and transmitted, the first of which is simple. The bird carries the virus in its blood or digestive tract, and contaminates the media which it frequents. Contamination can occur either directly or through biting insects, particularly mosquitoes. In this way large amounts of influenza virus are discharged into water, where it is taken up by others not already acting as carriers (e.g. ducks and other aquatic birds). Influenza virus has been recovered from numerous species of birds which play an important part in the epidemiological cycle. More than six different strains of influenza virus have been recovered from a given population of ducks wintering or passing through the Camargue or the Somme estuary. Half of a flock may be infected. A similar situation has been identified in countries as different as the United States of America, Japan and Australia (among puffins, for instance, which migrate long distances across the Pacific Ocean), Birds thus play a major part in the spread of influenza, a disease which affects horses, pigs, cats and dogs, in addition to man; there have also been bizarre cases among seals and whales, for which the transmission route is unknown.
The Hong Kong serotype of influenza virus, which became notorious in 1968, had been detected four years previously among ducks in France.
Strains of influenza virus have also been recovered from cage birds imported from tropical regions, extending the list of pathogens carried by such birds. In California, fifteen different strains were identified in a dozen species imported from Thailand, while in London forty-eight strains were recovered from birds imported from India.
According to virologists, bird strains are generally the most resistant to high temperature and acid pH. They remain active after exposure for 90 min to 40°C, or for 30 min to pH 3.0 (whereas mammalian strains are completely inactivated in 60 min at 40°C or in 15 min at pH 5.0). It is not known if this difference is related to the higher body temperature of birds.
Birds do not generally suffer from influenza, though some epidemics have ravaged colonies or flocks. Sporadic cases have been reported from South Africa. It is not known if particular strains are responsible for disease, if certain bird populations are exceptionally susceptible or if unfavourable ecological conditions, such as food shortage, or a combination of these factors may predispose birds to disease.
There is no doubt that influenza virus has been studied more than any other because of its importance in man. However, birds can probably also carry other viruses in this way.
Viruses may be transmitted in another, more complicated mode involving ectoparasites, namely ticks. Arthropod-borne viruses (arboviruses) have been investigated throughout the world, and particularly in Europe (3, 4, 20, 24, 25, 31) . For biological reasons, birds play an important role in virus transmission. Sea birds in particular provide satisfactory conditions because they nest in large colonies, facilitating the transfer of ectoparasites from one individual to another.
Throughout the world, some fifty arboviruses have been serotyped, and at least thirty species of ticks act as vectors. This list is far from being closed.
In France, five different viruses have been isolated from cormorants, gulls (particularly kittiwakes) and guillemots. Their distribution is uneven, even over short distances. Of the 187 isolates of 5 arboviruses obtained from French territory, only one came from the Mediterranean coast and Corsica (5) . This might be due to the fact that southern bird colonies are smaller than those of cooler coasts, where food for birds is more abundant. Ticks, when carried by birds, can transport a variety of diseases, particularly during distant migrations, notably viral encephalitis and haemorrhagic fevers, which may affect man, domestic animals and no doubt wild animals. Cases of Crimean haemorrhagic fever occurring in Tunisia have been attributed to falcons, which migrate to tropical Africa via Tunisia, notably Cape Bon. There was a striking coincidence between the presence of the birds and the appearance of the disease. Numerous migratory birds cross the Gulf of Mexico to the United States of America. Five strains of equine encephalomyelitis have been recovered from such birds. However, the role of birds should not be exaggerated in the analysis of epidemics or epizootics, although this role is far from negligible, even in the case of terrestrial species.
The effects ticks and viruses have on the birds also deserve mention. It seems that the activity of ectoparasites is a determining factor in the survival of healthy colonies of sea birds. In Brittany, one kittiwake harboured 3,493 adult and larval ticks. The amount of blood taken by these ticks may result in fatal anaemia, and the decline of certain colonies of these birds might have been due to tick parasitism, since adjacent colonies, less heavily parasitised, thrived well. Similar examples are those of brown pelicans in California, sooty terns in the Caribbean and albatross in the Galapagos Islands. A similar decline has been observed in some terrestrial birds which nest in colonies, such as swallows.
Losses may be due to the large-scale flight of breeding birds, abandonment of nestlings and the occurrence of congenital abnormalities (23) . There have been some spectacular cases, such as that described by C. Jouanin (personal communication). Sooty terns were nesting in a large colony on the Glorieuses Islands of the Mozambique Channel in October 1970. By mid-December the colony had been abandoned, and the bodies of some 80,000 chicks were strewn about, though not as a result of a cyclone. Although the reasons for this abandonment are unknown, a probable explanation is the occurrence of a disease or of exceptionally heavy parasitism, because no meteorological or human factor was involved.
Apart from their pathological effects, ectoparasites may thus play a role in the regulation of bird populations.
PREY AND PREDATORS
This is a difficult and controversial subject. Predators, i.e. carnivores, have suffered from a very bad reputation since time immemorial. Regarded as ferocious, they hunt animals in many different ways in order to eat them, although the size of prey is governed by their own body size. Various eloquent terms are used to describe them, and predatory birds may be referred to as "rapine", "hooked-beak" and "chicken thieves". In Europe, predators are accused of stealing chickens, farmed rabbits and the game animals of hunters. The unfortunate bears of the Pyrenees, now reduced to between 10 and 15 animals, have been accused of attacking sheep and cattle on mountain pastures.
It is true that, depending on the size of the predator, vegetarian animals are often at the mercy of carnivores. But this does not justify categorising such animals, in distinction to other vertebrates, as either "nuisances" or "useful". With few exceptions, there are no animals which are absolute nuisances. All play a part in the harmony of life and occupy a place in food chains.
In the case of European birds of prey, each species is specialised in the quest for prey, which is captured by various strategies (1, 13) . Thus eagles hunt marmots in the mountains and small or medium size mammals (including rodents) elsewhere; buzzards hunt mainly rodents (particularly voles), other mammals (including rabbits) and even poultry; goshawks and sparrow-hawks hunt birds, but also small mammals. A study of sparrow-hawks in central Europe showed that their prey comprised 1,386 mammals (mainly voles) and 58,077 birds, including 6,090 sparrows. The sea eagle hunts fish, but may also take aquatic birds and mammals. Harriers hunt frogs and rodents. The short-toed eagle specialises in the capture of reptiles, including snakes. The larger falcons may chase birds such as pigeons and starlings in flight, by their ability to dive, while smaller species feed on rodents (which make up 65-89% of the prey of kestrels), and even insects (the preferred prey of lesser kestrels). The nocturnal raptors (owls) have a similarly wide range of prey.
Raptors generally seek out easy targets, which means prey that is abundant and easy to catch. The sparrow-hawk may attack 126 species of birds, four-fifths of which belong to the sixteen most common species.
Rodents constitute the basic food of many of these predators, and in times of scarcity may even be taken by eagles. Ease of capture and abundance govern the choice of rodents as prey.
The same applies to carnivorous mammals (17) . Many of them take rodents and other small mammals as the basis of their diet. This applies particularly to foxes, although it cannot be denied that foxes may take rabbits and game birds, and may occasionally devastate poultry houses. However, analysis of stomach contents has shown that rodents (voles and field mice) were the most common prey. Foxes supplement their diet with insects and their larvae, and also wild or cultivated fruits.
The range of predators is naturally more extensive in tropical regions. Only brief reference will be made to the large carnivores (mostly Felidae, but. some Canidae) such as the hunting dog of Africa and the dhole of Asia. Some have a very specialised diet. An example is the snail kite (Rostrhamus sociabilis) of tropical America, which extends as far north as Florida and feeds exclusively on molluscs of the genus Pomacea. Its upper beak ends in a long, sharp hook, which is used to extract flesh from the shell.
In general, carnivores are eclectic, and their speciality is rarely exclusive. A general law of biology is that of maximum energy economy. Carnivores hunt the prey that is easiest to catch and most abundant, such as rodents, which are numerous and well diversified. Rodents are among the most active converters of vegetable matter into animal matter, and they are often present in considerable numbers. Whether diurnal or (most often) nocturnal, they are relatively easy to catch.
To return to the unsatisfactory classification of animals as "useful" or "nuisances", it is worth mentioning that specialised individuals can occur within a species, for example, foxes that are fond of chickens. These are isolated cases of opportunistic animals. Among the European fauna and that of other parts of the globe, rodents occupy a special place in the diet of species of small or medium size. Pigeons, starlings, sparrows and other small passerine birds are the prey of many bird hunters. In this way raptors help to limit populations. It is said that carnivores prefer to capture individuals which are ill, injured or handicapped in one way or another. This is often true, because such victims are easy to catch, and so the law of economy of energy is once again fulfilled.
All predators make a contribution towards limiting the populations of their prey under normal conditions, but of course they cannot control a population explosion, particularly one occurring in rodents. This applies equally to mammals and birds. Whenever a vole population multiples rapidly in Europe, buzzards and other raptors gather for a feast. They have little effect, however, because of the enormous disparity in numbers between prey and predators.
Under normal circumstances, the effects of predation are effective, maintaining the populations of prey within limits compatible with the ecological capacity of the environment. A well-known example is that of black-tailed deer (Odocoileus hemionus) in the west of the United States of America (28) . For a long time it was believed that the healthy state of a reserve could be measured by the number of animal inhabitants. This deer was one of the most common ungulates of the Kaibab Plateau, near the Grand Canyon of Colorado. The area was declared a reserve in 1906, and hunting was prohibited. At that time the deer were not very abundant, perhaps because of hunting, but also because of numerous predators (puma, lynx, wolf and coyote). These carnivores were systematically exterminated. Between 1906 and 1925, the deer population increased from 4,000 to over 100,000. This increase soon led to overgrazing and degradation of the habitat, with an enormous diminution of plant material, which had severe consequences for the deer, particularly in winter. The deer succumbed to various diseases and parasitoses, the essential cause of which was undernutrition. By 1930, their numbers had been reduced to about 20,000, and 10,000 by 1940. The massive increase in population, followed by a fall, was due to the absence of, or at least considerable reduction in, the number of predators which previously controlled the deer population. This demonstrates that predators do not necessarily qualify as "undesirables".
Finally, it is a simple law of ecology that the number of predators is proportional to the number of prey, at least in surroundings where man has little or no influence. A typical example is that of the snowy owl (Nyctea scandiaca), which nests in the Arctic, and also occurs in the New World and Old World (16, 21, 30) . These raptors and their young feed essentially on lemmings of the genera Lemmus, Dicrostonyx and Synaptomys, which are closely related to voles, and occur in arctic regions. The numbers of these small mammals increase considerably in cycles of three to five years. During favourable years they literally swarm across the tundra towards the south. Their populations subsequently fall, and they try desperately to flee by massive movements. There remain only very scattered populations, before the commencement of a new cycle of abundance. The numbers of snowy owls follow exactly those of their favourite prey. The amount of food available affects in particular the number of young. Between six and eight eggs (sometimes up to thirteen) are laid. In years when rodents are scarce, few young can be reared because of the difficulty of finding enough food for hungry young. In years of plethora, the parents can rear more of their young. The snowy owl population then increases considerably. When a period of shortage follows, many young owls die from starvation, and others take refuge further south. They then appear in North America and also in Europe. Most of the individuals displaced from their usual territories die there. Their populations do not recover until lemmings again become more abundant.
Similar fluctuations occur with skuas of the gull family, and with northern shrike (Lanius borealis) in North America. In the Old World, rough-legged buzzards (Buteo lagopus) are subject to the same phenomenon, although their appearance in Europe is more irregular. Certain carnivorous mammals of the Arctic, such as the Arctic fox (Alopex lagopus) which also hunts lemmings, are affected similarly.
IMPACT OF ANIMALS INTRODUCED BY MAN
In many regions of the world, man has supplemented the autochtonous fauna, either because he did not find the animals which were familiar in his country of origin, or in order to enhance the benefits he derived from nature. Such activities are hardly recent, but they reached extraordinary proportions during the previous century, with the creation of "societies of acclimatisation". In addition, some of the introductions were not intentional, as in the case of many insects and also rats and mice.
The effect of these introductions was threefold, arising from the types of impact on habitats and autochtonous communities (9, 10, 22) .
The first effect concerns the natural environment. The most notorious case is that of New Zealand (6) . This region is very rich in marine mammals (whales and penguins) because of the productivity of the surrounding sea, and was completely free from terrestrial mammals, with the exception of three bats and perhaps some monotremes (related to the present-day Echidna and Ornithorhynchus) which existed for a long time before becoming extinct. Colonists introduced more than thirty-three species of mammals from Europe, Asia, North America and Australia, in addition to rodents introduced fortuitously, and domestic animals which became feral. The list includes opossums, kangaroos, one species of hedgehog, many small European carnivores (weasel, stoat and ferret), many Cervidae (European red deer, Virginian deer from North America, elk, etc.) and all of the major domestic herbivores, which in turn reverted to the feral state. Attempts were made to introduce every conceivable species, apart from snakes. The consequences of introductions of birds were rather different, but often equally harmful (see below).
The autochtonous vegetation, which had evolved free from these depredators, suffered immeasurable damage. Most of the introduced depredators attacked the plant populations in different stages. Ungulates, introduced for hunting, ravaged the vegetation of New Zealand. It is true that the country now exports venison to Europe and other regions of the world. However, millions of dollars are spent trying to control the numbers of introduced mammals in order to limit the damage.
The second type of impact of introduced animals is their competition with the autochtonous animals, which decline as a result. The most striking example is that of starlings and other members of the same family. The common starling (Sturnus vulgaris) has been introduced in various parts of the world and, in particular, in North America where its invasion had spectacular effects. During 1890 and 1891, a few dozen were released in Central Park in New York City. For six years they remained confined to this urban district and then, as their population increased, they invaded North America. They are now present throughout the subcontinent, from Alaska to northern Mexico. It was estimated that they numbered fifty million in 1943, and their numbers have since increased. The same phenomenon occurred in Africa and in Australia. This likeable bird enters into competition with the autochtonous species, diminishing their numbers and displacing them from their nesting places and feeding grounds.
A relative of the starling, the myna (Acridotheres tristis) originally occupied a zone extending from Turkestan to Indochina, but became acclimatised to many hot and tropical regions of the globe, from South Africa to Polynesia. It has been responsible for the virtual extinction of many autochtonous species.
The third type of effect concerns the introduction of predators into environments from which they were previously absent. There is a good example from the subantarctic islands where the only vertebrates (apart from marine mammals) were birds which nested on the ground or in burrows, obtaining nourishment from the sea (11) . The only predators were skuas (Stercorarius spp.) of the gull family. These voracious birds feed on carrion but also take eggs from nests and eat young petrels and young penguins. However, there was no mammalian predator until ships inadvertently introduced rats, which multiplied and attacked the birds and their young, both on the ground and in their burrows. Cats were introduced to control the rats and they too multiplied. Far from hunting rats, which are too agile for them, the cats preferred to eat petrels and their young. Considerable damage has been done to bird populations, and there is a long list of species which have disappeared completely from the subantarctic islands and are known solely by their skeletons.
From the ecological aspect, introduction of predators adds an extra stage to the food chain, which could not have been "foreseen" in the evolution of certain bird species.
These three categories of the effects of introduction have often occurred simultaneously, in conjunction with the destruction of natural habitats needed for survival of the autochtonous species. The situation can be disastrous for small islands populated by a highly specialised fauna. This occurred in the Hawaiian Islands, rich in their own birds. Many species have vanished or have been reduced to very small flocks. The most characteristic passerine birds of Hawaii belong to the family Drepanididae and are strictly endemic. They resemble certain sugar-birds of the Old World and are no doubt of American origin. Their evolution is interesting, because they are all derived from a single initial line. In the absence of competitors, they became differentiated into very diverse types, occupying all available ecological niches. Some have a slender beak and a protractile tongue for obtaining nectar from flowers, a diet supplemented by insects. Others have a large, globular beak, similar to that of the European hawfinch, and feed on fruits and seeds. They encapsulate the type of evolution which many passerine birds have undergone on a given continent, and are a typical example of "adaptive radiation" or "radiating evolution".
As with other Hawaiian birds, they have suffered from human interventions. Even before the arrival of Europeans, many were collected by the indigenous population to provide coloured feathers for head-dresses, hair arrangements and garments. This did not seem to place their populations in real danger. The equilibrium was upset after colonisation. The forests in which the birds lived were cleared for crop production. Predators of numerous species and more able competitors were introduced. Many species became extinct or were reduced to very small flocks. Pathogens carried by introduced birds also played their part, for the autochtonous species had no defence against them. Insects, including a high proportion of endemic species, suffered a similar fate.
Another typical example concerns the Galapagos Islands, a small equatorial archipelago of the Pacific, some 1,600 km from Ecuador, of which they are a province (14) . These islands are truly oceanic because, like the Hawaiian Islands, they have never been attached to any continent. They were therefore populated with living organisms by chance, and their fauna is very limited. No mammal ever reached them, apart from two rats and some bats. The Galapagos Islands live in the age of the reptiles: giant tortoises, terrestrial iguanas and marine iguanas (the only saurians strictly adapted to the sea). In addition to sea birds, the terrestrial birds comprise Darwin finches (Geospizidae), which have undergone a "radiating evolution" similar to that of Drepanididae in Hawaii. Among the fourteen species of this family, some have remained granivorous, like their distant ancestors from the American continent, and their beaks are of varying strength, enabling them to feed on seeds of varying size. Others have become frugivorous or insectivorous, resembling the European warblers in appearance and in their slender, elongated beak. Recent serological and enzymological studies have shown that they form a homogeneous group (14) .
The fauna (as well as the flora) of these islands has undergone profound disturbances as a result of the human intervention which took place after colonisation. Hunting is one of the direct activities of man, and in this case the giant tortoises were captured on a large scale for their fat. The acclimatisation of goats, which continue to multiply rapidly despite attempts to control them, is another. The goats ravaged the vegetation, depriving the tortoises and the terrestrial iguanas of their food through ferocious competition, in which these agile mammals were superior. To limit their number, mastiff dogs were introduced, but they preferred to chase reptiles and eat their eggs. Pigs were also acclimatised and subsequently became feral, attacking the eggs and young of reptiles. Rats, introduced inadvertently, participated in the massacre as well. The autochtonous fauna has declined considerably and many species disappeared altogether. The combination of destruction of vegetation and acclimatisation of competitors and predators threatened the extermination of a precious scientific resource, which led Charles Darwin to develop his theory of evolution after a visit to the islands during the voyage of the Beagle in 1835. The efforts of the Ecuadorean government and the world scientific community have succeeded in preserving what remains of this unique fauna.
CONCLUSION
All the examples cited above demonstrate the impact of wildlife on the environment, and the effects of human interventions. It is, of course, perfectly legitimate for man to take advantage of or benefit from the natural environments which constitute the biosphere, but this should be done in appropriate ways and without upsetting certain major ecological equilibria. There are some biological laws which must not be transgressed, otherwise the consequences may well prove disadvantageous to man. This must be borne in mind before attempts are made to change the thin layer of living matter which surrounds the inert rock of the planet.
